PARTICLE DATA LABORATORIES, LTD. | @

115 Hahn Street ® Elmhurst, IHlinois 60126 ® (312) 832-5658

April 22, 1977

Caterpillar Tractor Co.
Peoria, IL 61629

ATTN: Marvin Kagan, Design & Construction G.O.
PDL Project 15417, Caterpillar PO#GYJ 2481

Gentlemen:

Introduction

Particulate emission testing was conducted in the outlet
stacks of Boilers 42 and 3 at the Joliet plant on March 29
and 30, 1977.

Purpose of this test series was to determine degree of
compliance with particulate and sulfur oxide emission codes.-

. Stack emission testing was cbnducted'following Illinois and
US EPA methods as detailed in the Federal Register of Dec.
23, 1971 (ref. 1) and subsequent copies. '

Emission testing was conducted by M. R. Jackson and E. L.
Wallace and T. Crane of Particle Data Laboratories. Plant
personnel operated the boiler during testing. Tests were
witnessed by William Zenisek of State of Illinois EPA.
Marshall Lewis of Zurn Air Systems monitored boiler oper-
ations during the test series. :

Both boilers are spreader stokers equipped with single stage
mechanical collectors and Zurn wet scrubbers. The scrubber
ligquor is maintained at pH 12 to effect sulfur oxide control
as well as particulate control. No. 2 boiler is rated at
80,000 1bs/hr. and No. 3 boiler is rated at 100,000 1lbs/hr.
Each boiler exhausts through its own stack.

Purpose of this test series was to characterize the follow-
ing parameters:
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temperature Op

velocity fps

moisture % vol/vol

volume flow acfm and scfh db

Orsat CO, and 0, % vol/vol

particuldte conlentration grains/scf 6

particulate emission rate 1lbs/hr. and 1bs/10° BTU 6
sulfur oxide emission rate ppm, 1lbs/hr., and 1lbs/10° BTU
scrubber liquor carry-over rate

sulfur oxide scrubber inlet rate, lbs/hr, ppm.

This report contains an outline summary of the test and
analytical methods and findings of this emission test ser-—
ies. Attached as appendices are complete and comprehensive
details of all test and analytical methods, field test and
laboratory analytical and coal analysis data.

Test Locations

a} Outlet from collector, Boiler #2. Two ports were pro-

- _ vided in the 51" diameter stack at a height of approximately
) - 25 feet above the ID fan. Total stack height is approxi-
mately 50 feet above the ID fan.

b) Outlet from collector, Boiler #3. Two ports were Pro- _
vided in the 58%" diameter stack at a height of approximate—
ly 25 feet above the ID fan. Total stack height is approxi-
mately 50 feet above the ID FAN.

c} Inlet to scrubber systems. One of 12 ports provided in
one leg of the bifurcated scrubber inlet was used toc obtain
inlet sulfur oxide concentration data and Orsat analysis.

Summary of Test Methods

Boiler particulate emission testing was conducted following
US EPA methods as detailed in the Federal Register (ref. 1)
and subsequent copies and included Illinois EPA test methods.

The location of test points in the test plane was determined
following Method 1 (ref. 1) included in Appendix A.

‘‘‘‘‘
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Stack gas velocity was determined following Method 2 (ref.
1} included in Appendix B.

Stack gas Orsat analysis for determination of gas density °
and molecular weight followed Method 3 (ref. 1) included in
Appendix C. Orsat analysis was performed at the inlet to
each scrubber since carbon dioxide would be abosrbed by the
caustic scrubber liquor. Preliminary tests showed that up
to 1% carbon dioxide could be removed by the scrubber.

Gas moisture content was determined by a condensation tech-
nigue in ice-cooled impingers during each particulate run.
The method follows that of ref. 1 as reproduced in Appendix
D. '

Stack gas velocity and moisture determinations were combined
and conducted simultaneously with the partlculate emissions
tests.

Prior to shipping the equipment from this laboratory, the
following items were checked for calibration:

1) the S-type pitot tube incorporated with the probe;

2} the temperature sensor incorporated with the probe,

3} the dry test gas meter of the train;

4) the calibrated orifice associated with the gas
meter of the sampling train.

The method of particulate testing and sample analysis fol-
lowed Method 5 of the Federal Register {ref. 1)} as detailed
in Appendix E. The particulate catch included nozzle,
probe, cyclone, and prefilter washings and filter partic-
ulates. Reeve Angel 12.5 cm 900 AF glass fiber filtexs were
used.

A nominal 5 foot stainless steel sampling probe was used
with a stainless steel sampling nozzle for Boiler #3 and a

nomlnal 3 foot stainless steel sampling probe was used for

A Joy Division, Western Precipitation EPA sampling traln was
used: :
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: Control box Sample box serial #
Boiler # gserial # Run #1 Run #2 Run #3
2 cu2 su2 su2 su2
: 2-09-124 2-07-129 3-04-1014 2-10-220
3 cu2 suz suz2 -
2-09-~-142 2-07-129 3-04-31014 -

Sampling was performed for 2% minutes at each of 28 points
for boiler #2, and for 2% minutes at each of 40 points for
boiler #3.

Sulfur oxide emissions were determined following Method 6
(ref. 1) included in Appendix F.

Coal analysis and boiler operational data are presented in
Appendix G. : '

Samples of scrubber liguor were taken by Zurn personnel for
determination by Particle Data Laboratories of suspended and
dissolved solids and sodium content. Analysis for sodium of
the samples collected from the stack was performed for use
in estimating the scrubber ligquor carry-over rate.

The coal scales on both boilers were considered inaccurate

-

at the coal feed rate required to maintain the steam load.
Emission rate was therefore calculated on the F factor basis
and also using heat input data calculated on the ASTM short
form basis.

Boiler #3. On March 29, 1977, two particulate and four
sulfur oxide runs were performed. The first particulate run
was performed at a nominal load of 100,000 lbs/hr; the
second run was performed at a nominal load of 80,000 lbs/hr.
One sulfur oxide run was performed on the scrubber inlet
duct.

Boiler #2. On March 30, 1977 three particulate and six
sulfur oxide runs were performed on a nominal load of 70,000
lbs/hr. Two sulfur oxide runs were performed on the scrub-
ber inlet duct.

Summary of Test Findings

The findings of this test series are summarized in Tables 1
to 6. The particulate emission field test data sheets,

laboratory analysis data and calculation summaries are in-
cluded in Appendix H.
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The sulfur oxides field test data sheets, laboratory anal-
ysis data and calculation summaries are included in Appendix
1. _ :

Orsat analysis data are shown in Table 7. Molecular weight
and pitot tube correction factor calculations are shown in
Appendix J. '

Calculation of ¥ factors are présented in Appendix K.
Scrubber carry-over data and calculations are presented in
Appendix L.

Heat input data from thermal analysis are shown in Appendix
M. Sample ash content data are shown in Appendix N.
Nomenclature is given in Appendix 0.

Discussion of Results

Tables 1} and 2 show the particle emission rate based upon F
factor and calculated BTU heat input data. 2Appendix L. shows
scrubber carry-over contribution to the collected sample of
between 16.3 and 19.0%. Assuming the most pessimistic
number of 16.3% the maximum reduction in emission rate by
installation of mist eliminators will be 16.3%.

. Appendix N shows that approximately 20% of the particulate

(T emission is combustible. Thus the maximum reduction in
emission rate if all combustible material could be removed

by the installation of over-fire air systems would be 20%.

It is thus concluded that the maximum reduction in emission
rate by mist elimination and installation of over-fire air
systems will be approximately 36%. This will result in the
- following emission rates: :

emission rate le/MBTU

F factor Heat input
Boiler #2 Run #1 .086 .072
Run #2 .148 ' .128
Run #3 .132 .098
Boiler #3 Run #1 _ .179 L1311

Run #2 " .129 ' .109
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Sulfur dioxide control efficiency of the scrubber may be
calculated from the data of Tables 3, 4, 5 and 6 and shows
approximate control efficiencies of 93% for Boiler 42 and
90% for Boiler #3. Since these efficiencies are based upon
the averages of all test runs we consider it reasonable to
gquote the sulfur dioxide control efficiency of both scrub-
bers as near 90%.

It must be noted that the temperature drop across the econ-
omizer and the feed water temperature rise are both far lower
than would be expected. It must therefore be assumed that
either the instrumentation is faulty or the economizer tubes
are coated due to poor operation ©f the socot blowers. Aas
will be seen from Appendix N the indicated boiler efficiencies
range from 67% to 75%.

Assuming some air in leakage between the boiler outlet and
the Orsat measurement point we can assume a lower excess

air rate than has been used for the efficiency calculation.
However this would still result in a boiler efficiency range
from approximately 72% to 80%.

Conclusions

Tests have been performed on Boilers #2 and #3 at the
Caterpillar Joliet plant to determine the particulate and
‘'sulfur dioxide emission rates. Determination has been made
of the contribution to the emission rate by scrubber liquor
carry-over and from carbonacecus material.

We are pleased to have been of service to Caterpillar Tractor
Co. '

Respectfully submitted,
PARTICLE DATA LABORATORIES, LTD.

A @

ery R. Jackson
President
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BUMMARY OF EMISSION TREST DATA

TRBLE: 1
PLANT: Caterpillar:Joliet
LOCATION: Stack boijiler #2, coal fired

OPERMATOR: M. Jackson, E. Wallace, T. Crane

REPETITION: 1 2 3
TEST DATE: 3/30/77 , - ~ =
STACK GAS _
\ - o 125. 125 125
Temperature, av., °F
vElocity av, fps 43.? 41-9 44.9
Volume flow x10%scfh db 1.710 1.645 1.761
Moisture % '14.5 14,1 14.2
PARTICULATE SAMPLE
Time, hrs:mins. l:lQ 1:10 i:10
Volume scf db: 46.285 44.867 47.954
Particulates .
collected, grams C.1932 - .2315 .1901
Isokinetic ratio, ' '
{m' I%  90.< I < 110 86.5 97.3 97.1
PROCESS RATE
Fuel rate 1bs/hr - . - -
Calorific valug BTU/1b 10389 10514 10402
(H} heat input x10 BTU/hr %6.82 93.81 - 100.56
steam rate _ ,
lbs/hr nominal 70,000 70,000 70,000
PARTICULATE
concentration grains
° scf/db .064 .080 .061
x10% 1bs/sct ab 6.379 11.377 8.741
Emissions lbs/hr 10.9% 18.72 15.39
(E} 1bs/10% mry .113 .200 .153
Emission rate lbs/LQ§
BTU from F factor .135 .231 206

s
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SUMMARY OFF EMISSION 9EST DATA

TABLE: 2
SLANT : Caterpiilar Tractor Joliet
LOCATION: Stack boiler #3, coal fired

OPERATOR: M. Jackson, E. Wallace, T. Crane

REPETITION: 1 2
TEST DATE: 3/29/77 = 3 3
STACK GAS
Tenperature, av. Op 130- *J 130
Velocity av., fps 36.0 ' 34.3
Volume flow x10 scfh db 1.878 1.730
Moisture % 11.6 ‘ P 14.7
PARTICULATE SAMPLL
Pime, hrs:mins. S 1:40 | 1:40
Volune scf db 54,354 _ 51.289
Particualates
collected, grams | -3631 -+ 2413
Isckinetic ratio ’ ' T
| I$ 90 < T < 116 | 95.0 97.4
Q“"";«ROCE‘.,SS RATE
Fuel rate 1lbs/hr - : -
Calorific valug BTU/1b ) 10624 10820
(H) heat input x10° BTU/hr -~ 136.41 ‘ 104.99
steam rate
1bs/hrx nominal - ' 100,000 80,000
PARTICULATE
concentration grains/ .104 o .073
_ scf db
x10% ibs/sct ab 14.811 10.374
Emissions lbs/hr 27.82 17.95
(E) 1bs/10% gru .204 171
Emission rate lbs/lp?
BTU from F factor .279 .202
."
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SUMMARY OF EMISSION TEST DATA

TABLE ¢
PLANT: cCaterpillar Joliet _
LOCATION: Stack boiler #2, coal fired

OPERATOR: M. Jackson, E.>Wallace, T. Crane

REPETITION: 1 2 3
TEST DATE: 3/310/77 -~ - =
STACK GAS
Temperature, av. °F 125 K 125 | 12 5
Velocity av. fps - 43.7 | 41.9° 44.9
Volume flow x10 scfh db | . 1.710 1.645 1.761
Moisture % 145 . 14.1 14.2
PROCESS RATE
Fuel rate lbs/hr - .
Calorific valug BTU/1b wet 10389 10514 10402
Heat input x10~ BTU/hr 96.82 93.81 100.56
Steam rate lbs/hr : 70,000 70,000 70,000
nominal
{ SULFUR DIOXIDE
Fmissions lbs/hr. | 19.4 21.2 24.0 21.8 29.5 25.0
1bs/10° BTU .200 . -.219 .256 .232 .293 .249
ppm | 68.4 75.0 '88.0 80.1 [101.3 91.9
TRIOXIDE
Emissions 1bs/hr 1 1.4 1.7 6.5 1.6 1.5 2.0
1bs/10°% 3™y .014 .018 ©.069 .017 .015 .020
ppm | 4.1 4.9 19.1° 4.7 4.4 5.9
(
[ §
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SUMMARY OF EMISSION TEST DATA

TABLE: 4
PLANY: Caterpillar Joliet
LOCATION: Stack Boiler #3, coal fired

OPERATOR: M. jackson, E. Wallace, T. Crane

REPETITION: 1 2 3
TEST DATE: 3/29/77 - - -
STACK GAS
o T
Temperature, av. °F 130 130
Velocity av. fps 36.0 34.3
Volume flow x10 scfh db 1.878 1.730
Moisture $% 11.6 - 14.7
PROCESS RATE '
Fuel rate 1lbs/hr - . -
Calorific wvalue BTU/1b Wet 10624 10820
Heat input x10  BTU/hr 136.41 104.99
Steam rate lbs/hr
nominal 100,000 70,000
SULFUR DIOXIDE
Emissions lbs/hr .20.2 23.8 36.8 50.5
1bs/10% BTU 148 -.174 ] .351 .481
ppm 65.1 76.5 ]128.7 176.3
TRIOXIDE
Emissions lbs/hr ] 2.1 5.6 8.3 5.8
1bs/10% BTU | 015 081 | - .079 .055
ppm 5.4 14.5 23.3 ° 16.1
&
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TABLE: 5

SUMMARY OF EMISSION TEST DATA

L. PLANT: Caterpillar Joliet

LOCA'TION: pBoiler $2 coal fired, inlet to scrubber

OPERATOR M. Jackson, E. Wallace, T. Crane
REPETITION:

TEST DATE: 3/30/77

STACK GAS

Temperature, av.
Velocity av, fps

O

F

Volume f£flow x10 scfh db

Moisture %

PROCESS RATE

Fuel rate lbs/hr

Calorific valug‘BTU/lb wet
BTU/hr

Heat input x10
Steam rate lbs/hr
nominal

. (’ SULFUR DIOXIDE

- Emissions 1bs/hr
1bs/10°
 ppm
. TRIOXIDE
Emissions 1lbs/hrxr
1bs/10°

ppm

BTU

BTU

X

{to

jw

226.4

800.1

58.3

164.7

255.7

939.3

"34.9

102.4
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SUMMARY OI' EMISSION TEST DATA

TABLE: 6
¢ PLANT: Caterpillar Joliet

LOCATION: Boiler #3 coal fired, inlet to scrubber

OPERATOR: M. Jackson, E. Wallace, T. Crane
' ' REPETITION: 1
TEST DATE: 3/29/77 =

fro

[w

STACK GAS

Temperature, av. Op

Velocity av., fps
Volume flow x10 scfh db

Moisture %

PROCESS RATE

Fuel rate 1lbs/hr

Calorific valug,BTU/lb wet

Heat input x10° BTU/hr

Steam rate 1lbs/hr
nominal

Emissions lbs/hr ' 345.6
" 1bs/10% BTU

- pPpm : 1111.8

TRIOXIDE
Emissions lbs/hr ' 28.5

1bs/10% BTU

ppm ' 73.5
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Table 7.

- Orsat Gas Analysis at Scrubber Inlet

Date Boiler Time 2 CO2 % O2 _ % N2
3/29 3 9:30 9.6 9.6 80.6
' 9:45 9.4 9.8 80.8

10:00 9.6 9.6 80.8

10:15 11.2 7.7 Bl.1

10:20 11.4 7.7 80.9

11:00 110 8.3 80.7

3/29 . 3 12:55 9.5 9.5 81.0
1:10 10.0 9.6 80.4

- 1:25 10.2 9.3 80.5

1:40 10.2 9.2 80.6

2:00 10.0 9.2 80.8

2:15 9.8 9.5 80.7

2:35 9.4 9.7 80.9

3/30 2 ' 10:00 9.2 9.6 81.2
' ' 10:20 9.0 10.0 81.0

Pl B - 10:40 9.1 8.9 + 81.0
. 16:55 9.2 9.9 80.9
3/30 2 . 11:20 10.0 9.0 81.0
' 11:40 10.0 9.0 ~ 81.0

12:10 9.2 2.9 . 80.9

12:30 8.8 10.2 81.0

3/30 2 , 12:45 7.2 11.9 80.9
' 1:05 8.4 10.9 80.7

1:20 8.2 10.9 80.9

1:40 8.6 10.4 81.0
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APPENDIX A: SAMPLE AND VELOCITY TRAVERSES FOR
. STATIONARY SOURCES |

«
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METHOD 1. SAMPLE AMD VELOCITY TRAVERSES FOR STATIONARY SQURCES

1., Principle and Applicability.

1,1 Principle. & sampling site and the nurber of traverse poeints are selected to
aid in the extraction of a representative sample.

1.2 'Applicability. This method should be applied only when specified by the test
procedures for determining compliance with the New Source Performance Standards.
Unless otherwise specified, this method is not intended to apply to gas streams other
than those emitted directly to the atmosphere without further processing.

2. Procedure,

2.1 Selection of a sampling site and minimum number of traverse points.

2.1.1 BSelect a sampling site that is at least eight stack or duct diameters down-
stream and two diameters upstream from any flow disturbance such as a bend, expansion,
contraction, or visible flame. For rectangular cross section, determine an equivalent
diameter from the following egquation:

(Length) (width)
length+width

equivalent diameter = 2 eg. 1-1

2,1.2 When the above sampling site criteria can be met, the minimum number of
traverse points is twelwve,

2.1.3 Some sampling situations render the above sampling site criteria impractical.
When this is the case, choose a convenient sampling location and use Fig. 1-1 to de-
termine the minimum number of traverse points. Under no conditions should a sampling
point be selected within 1 inch of the stack wall. To obtain the number of traverse
points for stacks or ducts with a diameter less than 2 feet, multlply the number of
points cobtained frem Fig., 1-1 by 0.67.

2.1.4 To use Fig. 1-1 first measure the distance from the chosen sampling loca-—
tion to the nearest upstream and downstream disturbances. Determine the correspond-
ing number of traverse points for each distance from Fig. 1-1,  Select the higher of
the two nunbers of traverse points, or a greater value, such that for circular stacks
the number 1s a multiple of 4, and for rectangular stacks the number follows the cri-
teria of section 2.2.2.

2.2 Cross-sectional layout and location of traverse points.

2.2.1 For circular stacks locate the traverse points on a least 2 diameters ac-
cording to Fig. 1-2 and Table 1-1, The traverse axes shall divide the stack cross
section into equal parts. :

2.2.2 For rectangular stacks divide the cross section into as many egual rectangu-
lar areas as traverse points, such that the ratioc of the length to the width of the
elemental areas is between 1 and 2. Locate the traverse points at the centroid of
each equal area according to Fig. 1-3,

3. References. -

Determining Dust Concentration in a Gas Stream, ASME Performance Test Code #27,
New. York NY 1957.

Devorkin, Howard, et al, Air Pellution Source Testing Manual, Air Pollution Control
District, Los Angeles, CA Nov. 1953, _

Methods for Determination of Velocity, Volume, Dust and Mist Content of Gases,
Western Precipitation Piv. of Joy Mfg. Co., Los Angeles, CA, Bulletin WP-50, 1968.

Standard Method for Sampling Stacks for Particulate Matter, in 1971 Book of ASTM
Standards, Part 23, Philadelphia PA, 1971, ASTM Designation D-2928-71.
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NUMBER OF DUCT DIAMETERS UPSTREAM*

(

DISTANCE A)

Method 1 2

Fi

of circular stack divid-
ed into 12 equal areas,
showing location of tra-
verse points at centroid
of each area.

0.5 1.0 1.5 2.0 2.5
50 1 I ] H I i
Disturbance
T Sampling__ 7
0 Site
Py
'8 ﬁ 30 - . —
- I
§8 Disturbance
2 o 20 L -
5 M
E o
B _
58 10| *From point of any type of -
ol disturbance (bend, expansion,
contraction, etec.)
0 1 | | i i ! |
2 3 4 5 6 7 8 9 10
Number of Duct Diameters Downstream
(Distance B)
Figure 1-1. Minimum number of traverse
points.
] ¢ '
]
© « © | e | e
' % t :
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© ;, © : e . @
' ¥ ¢
-—-—-——r-_--_‘“—---:--n.c.-.--q
] L i
© | © ¢t 0 1+ 0
t '
N N N
g. 1-2. Cross section

Fig. 1-3. Cross section
of rectangular stack
divided into 12 equal
areas, with traverse
points at centroid of
each area.

)
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APPENDIX B: DETERMINATION OF STACK GAS VELOCITY
- {(TYPE. S PITO’I‘ TUBE)
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METHOD 2. DETERMINATION OF STACK GAS VELOCITY AND VOLUMETRIC FI. . RATE
{T¥YPE 5 PITOT TUEBE)

1. Principle and Applicability.

1.1 Principle. Stack gas velocity is determined from the gas density and from
measurement of the velocity head using a Type S (3tauscheibe or reverse type) pitot
tube.

" 1.2 Applicability. This method should be applied only when specified by the test
procedures for detemmining compliance with the New Source Performance Standards.

2. Apparatus.

.1l Pitot tube - type S (Fig. 2-1), or eqguivalent, with a cecefficient within 5%
over the working range. o

2.2 Differential pressure gauge - inclined manometer, or eguivalent, to measure
velocity head to within 10% of the minimum value,

2.3 Temperature gauge =- thermocouple or equivalent attached to the pitot tube to
leasure stack temperature to within 1.5% of the minimum absolute stack temperature,

2.4 Pressure gauge - mercury~filled U-tube manometer, or eguivalent, to measure
stack pressure to within 0.1 in. Hg.

2.5 Barometer - to measure atmospheric pressure to within 0,1 in. Hg.

2.6 Gas analyzer - to analyze gas composition for determining molecular weight.

2.7 Pitot tube - standard type, to calibrate type S pitot tube.

3. Procedure.

3.1 Set up the apparatus as shown in Fig. 2-1. Make sure all connections are
tight and leak free. Measure the velocity head and temperature at the traverse points
specified by Method 1.

3.2 Measure the static pressure in the stack.

3.3 Determine the stack gas molecular weight by gas analysis and appropriate cal~
culations as indicated in Metnod 3.

4, Calibration.

4.1 To calibrate the pitot tube, measure the velocity head at some point in a .
flowing gas stream with both a type S pitot tube and a standard type pitot tube with
known coefficient. <Calibration should be done in the laboratory and the velocity of
the flowing gas stream should be varied over the normal working range. It is recom-
mended that the calibration be repeated after use at each field site.

4.2 Calculate the pitot tube coefficient using eqg. 2-1.

c -c APstq _
Ptest = Pstd{lPrect - eq. 2-1

where:
= i Ffics £ X
CPtest pitot tube coefficient of type S pitot tube
Cp ta = pitot tube coefficient of standard type pitot tube (if unknown,
S use 0.99)
Apseg = velocity head measured by standard type pitot tube

APtest = velocity head measured by type S pitot tube.

4.3 Compare the coefficients of the type S pitot tube determined first with one
leg and then the other pointed downstream. Use the pitot tube only if the two coef=
ficients differ by no more than 0.01.

5. Calculations.

Use eq. 2-2 to calculate the stack gas velocity.

(Ts)av

(vs) = Kpcp(l‘ EP) avg TR eq. 2-2
82 8

avyg
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where: ' .

(Vs)avg = stack gas velocity, feet per second (fps) %
¥ = 85,48 £t. _1b. -——| when these units are used. "
j= sec. |lb, mole-°R
Cp = pitot tube coefficient, dimensionless

(Ts)avg = average absolute stack gas temperature, °R

(VEE)an = average velocity head of stack gas, inches HpO (see Fig., 2-2)
P, = absolute stack gas pressure, inches Hg.
MS = molecular weight of stack gas (wet basis}), 1b./lb.-mole

M3 {1~Byo) +18Byo -

Miy = dry molecular weight of stack gas (from Method 3),
Byo = Proportion by volume of water vapor in the gas stream

{from Method 4).

Figure 2-2 shows a sample recording sheet for velocity traverse data. Use the averages
in the last two columns of Fig. 2-2 to determine the average stack gas velocity from

eq., 2-2.
qﬁse ed. 2-3 to calculate the stack gas volumetric flow rate.
' Tstd Pg
Os = 3600(1-By,lV.A [(Ts)avgl[Pstd} . eg. 2-3
where: .
Qs = volumetric flow rate, dry basis, standard conditions, ft3/hr.
A = cross sectional area of stack, ft.2 SN
Tstd = absolute temperature at standard conditions, 530°R
Porg = @absolute pressure at standard conditions, 29.92 inches Hg.

6.. References. ‘

Marck, L. S., Mechanical Engineers' Handbook, McGraw-Hill Book Co., Inc., New York,
NY, 1951. _

Perry, J. H., Chemical Engineers' Handbook, McGraw-Hill, New York NY, 1960.

Shigehara, R. T., W. F. Todd, and W. S. Smith, Significance of Errors in Stack
Sampling Measurements. Paper presented at Annual Meeting of the Air Pollution Control
Assn., St. Louis, MO, June 14-19, 13870."

Standard Method for Sampling Stacks for Particulate Matter, In 1971 Book of ASTM
Standards, Part 23, Philadelphia PA, 1971, ASTM Designation D-2928-71.

Vennard, J. K., Elementary Fluid Mechanics, John Wiley and Sons, New York NY, 1947,
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METHOD 3. GAS ANALYSIS FOR CARBON DIOXIDE, EXCESS AIR; AND DRY MOLECULAR WEIGHT

l. Principle and applicability.

1.1 Principle. An integrated or grab gas sample is extracted from a sampling
point and analyzed for its components using an Orsat analyzer.

1.2 Aapplicability. This method should be applied only when specified by the test
procedures for determining compliance with the New Source Performance Standards. The

test procedure will indicate whether a grab sample or an integrated sample is to be
used.

2. Apparatus.

2.1 Grab sample (fig. 3~1}.

2.1.1 Probe - Stainless steel or Pyrex* glass, equipped with a filter to remove
particulate matter. _

2,1.2 Pump - One-way squeere bulb, or equivalent, to transport gas sample to
‘analyzer. R

2.2 Integrated sample {Fig. 3-2) T *

2.2.1 Prcbe - Stainless steel or Pyrex glass, equipped with a filter to remove
particulate matter.

2.2.2 Air-cooled condenser or eguivalent - to remove any excess molsture.

2.2.3 HNeedle valve -~ to adjust flow rate.
2.2.4 Pump - Leak-free, diaphragm type or eguivalent, to pull gas,
2.2.5 Rate meter - to measure a flow range from 0 to 0,035 cfm,

2.2.6 Flexible bag = Tedlar® or equivalent, with a capacity of 2 to 3 cu.ft. Leak
test the bag in the Iaboratory before using.

2.2.7 Pitot tube — S~type or equivalent, attached to the probe so that the
sampling flow rate cam be regulated proportional to the stack gas velocity when
velocity is varying with time or a sample traverse is conducted.

2.3 BAnalysis.

2.3.1 Orsat analyzer, or eguivalent,

3. Procedure.

3.1 Grab sampling.

3.1.1 Set up the equipment as shown in Fig. 3-1, making sure all connections are
leak-free. Place the probe in the stack at the sampling point and purge the sampling
line. .

3.1.2 Draw sample intc the analyzer.

3.2 Integrated sampling.

3.2.1 Evacuate the flexible bag. Set up the equipment as shown in Fig. 3-2 with
the bag disconnected. Place the probe in the stack and purge the sampling line. Con-
nect the bag, making sure that all connections are tight and there are no leaks.

3.2.2 Sample at a rate proportional to the stack velocity.

3.3 Banalysis. .

3.3.1 Determine the CO3, Oz, and CO concentrations as soon as possible. Make as
many passes as are necessary to give constant readings. If more than 10 passes are
necessary, replace the absorbing solution.

3.3.2 For grab sampling, repeat the sampling and analysis until 3 consecutive sam-
ples vary no more than 0.5% by volume for each componernt being analyzed.

3.3.3 For integrated sampling, repeat the analysis of the sample until 3 consecutive
analyses vary no more than 0.2% by volume for each component being analyzed.

4, Calculations.

4.1 Carbon dioxide. Average the three consecutive runs and report the result to
the nearest 0.1% CO3.

4.2 Excess air. Use Eg. 3-1 to calculate excess air, and average the runs, Report
the result to the nearest 0.1% excess air.

{£0,) =0, 5 (3C0)

® BR = 5,364 (%1,)-(20,)70.5(sco) * 100 Bq. 3-1
where: . ]
% EA = percent excess air. % COp = percent carbon monoxide by
% 0 = percent oxygen by volume, dry basis volume, dry basis
% Ny = percent nitrogen by volume, dry ' 0.264 = ratio of oxygen to nitrogen

basis in air by volume.
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4.3 Dry molecular'weight. Use Eq. 3-2 to calculate dry molecular weight and average

the runs. Report the result to the nearest tenth.

Md = 0.44(%C02)+0.32(%02)+O.28(%N2+%C0) Eqg. 3-2 %
where: . :
My = dry molecular weight, lb/lb-mole 0.44 = molecular weight of carbon
% CO, = percent carbon dioxide by volume, dioxide divided by 100
‘ dry basis ) 0.32 = molecular weight of oxygen
% Op = percent oxygen by volume, dry basis . divided by 100
% N = percent nitrogen by volume, dry basis 0.28 = molecular weight of nitrogen

and CO divided by 100.

5. References.

Atlshuller, A.P. et al, Storage of Gases and Vapors in Plastic Bags, Int. J. Air &
Water Pollution, 6:75-81, 1963, & ’

Conner, E.D, and J.35. Nader, Air Sampllng with Plastic Bags, J. of American Indus.
Hygiene Assn,, 25:291-297, May-June 1964,

Devorkin, Howard et al, Air Pollution Sourxce Testing Manual, Air Pollution Control
Dist., Los Angeles, CA, Nov. 1963.
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METHOD 4. DETERMINATION. OF MOISTURE IN STACK GASES

l. Principle and 3Applicability.

1.1 Principle. Moisture is removed from the gas stream, condensed, and determined
volumetrically, ‘

1.2 Applicability. This method is applicable for the determination of moisture in
stack gas only when specified by test procedures for determining compliance with New
Source Performance Standards. This method does not apply when liguid droplets are
present in the gas stream’ and the moisture is subsequently used in the determination
of stack gas molecular weight. ' ' .

Other methods such as drying tubes, wet bulb-dry bulb technigues, and volumetric
condensation techniques may be used.

2. Apparatus. i _

2.1 Probe -~ stainless steel or Pyrex2 glass sufficiently heated to prevent condensa-
tion and equipped with a filter to remove particulate matter.

Impingers - two midget impingers, each with 30 ml. capacity or equlvalent.
Ice bath container - to condense moisture in impingers.
Silica gel tube (optional) - to protect pump and dry gas meter.
Needle valve -~ to regulate gas flow rate.
Pump - leak-free, diaphragm type or equivalent, to pull gas through train.
Dry gas meter - to measure to within 1% of the total sample volune,
Rotameter ~ to measure a flow range from 0 to 0.1 cfm,
Graduated cylinder - 25 ml.

.10 Barometer - sufficient to read to within 0.1 inch Hg. .

2.11 Pitot tube - S-type or eguivalent, attached to probe so that the sampling flow
rate can be regulated proportional to the stack gas velocity when velocity is varying
with time or a sample traverse is conducted.

3. Procedure. _

3.1 Place exactly 5 ml. distilled water in each impinger. Assemble the apparatus
without the probe as shown in Fig. 4-1. Leak check by plugging the . inlet to the first
impinger and drawing a vacuum. Insure that flow through the dry gas meter is less
than 1% of the sampling rate,

3.2 Connect the probe and sample at a constant rate of 0.075 cfm or at a rate pro-
portional to the stack gas velocity. Continue sampllng until the dry gas meter regis-
ters 1 cu ft. or until visible liquid droplets are carried over from the first impingex
to the second. Record temperature, pressure, and dry gas meter readings as required
by Fig. 4-2,

3.3 After collecting the sample, measure the volume increase to the nearest 0.5 ml.

4. Calculations.

4.) Volume of water vapor collected.

. - .

m:n:w'm ISECESENE Y
L)
OO~ O N

{(V-~V;)PH,0 RTgtga £ -
Vg = e - 0.0474 £ SE(V V) Eq. 4-1
PsthH nl.
20
where: _
Vwc'z Volume of water vapor collected pH>0 = density of water, 1 g./ml.
{(standard conditions), cu.ft. Tgtd = absolute temperature at standard
Vg = Final volume of impinger con- conditions, 530°R
tents, ml. Petga = absclute pressure at standard
Vi = Initial volume of impinger conditions, 29.92 inches Hg.
contents, ml, My o = molecular weight of water, 18
R = Ideal gas constant, 21.83 inches 2 1b/1lb-mole.
Hg-cu. ft./lb.mole-°R
4.2 Gas volume,
P T V.. P '
. m std °R m*m
V.=V = 17,71 Eg. 4-2
me m \Pstd) | T in.Hg | Ty

‘1f liguid droplets are present in the gas stream, assume the stream to be saturated,
determine the average stack gas temperature by traversing accordlng to Methed 1, and
use a psychrometric chart to obtain an approximation of the moisture percentage,

2'I.‘rade name,
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where:
Vpe = dry gas volume through meter at P,
I std
standard conditions, cu.ft.
Vjp = dry gas volume measured by Tstd
meter, cu.ft.
P, = -barometric pressure at the dry T
gas neter, inches Hg.
4.3 Moisture content.
By = LA v (0.025)
° Ve Vime P Vwet Ve
where:
Buo = proportion by volume of water vapor Vine
in the gas stream, dimensionless
Vwe = volume of water vapor collected < By

(standard conditions), cu.ft.

5. References. ,
Air Pollution Engineering Manual, Danielson, J.A. (ed.), US. DHEW, PHS, Natl. Center
for Air Pollution Control, Cincinnati, OH, PHS Publ. #999-AP-40, 1967.

Devorkin, Howard et al, Air Pollution Source Testing Manual, Air Pollution Control
Dist., Los Angeles CA, Nov. 1963, _
Methods for Determination of Velocity, Volume, Dust and Mist Content of Gases,

Western Precipitation Div. Joy Mfg. Co., Los Angeles CA, Bull. #WP-5-, 1968,
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METHOD 5. DETERMINATION OF PARTICULATE EMISSIONS FROM STATIONARY SQURCES

1. Principle and applicability.

1.1 Principle. Particulate matter is w1thdrawn isokinetically from the source and
its weight is determined gravimetrically after removal of uncombined water.

1.2 Applicability. This method is applicable for the determination of particulate
emissions from stationary sources only when specified by the test procedures for de—
termining compliance with New Source Performance Standards.,

2. Apparatus. .

2.1 Sampling train. The design specifications of the particulate sampling train
used by EPA (Fig. 5-1) are described in APTD-0581. Commercial models of this train
are available, _ . :

2.1.1 Nozzle ~ stainless steel (316) with sharp, tapered leading edge,

2.1.2 Probe - Pyrex® glass with a heating system capable of maintaining a minimumn
gas temperature of 250°F at the exit end during sampling to prevent condensation from
occurring. When length limitations (greater than about 8 ft.) are encountered at
temperatures less than 600°F, Incoloy 825* or equivalent may be used. Probes for

"sampling gas streams at temperatures in excess of 600°F must have been approved by

the administrator.

2.1.3 Pitot tube = S~type or equivalent, attached to probe to monitor stack gas
velocity.

2.1.4 Filter Holder - Pyrex* glass with heating system capable of maintaining mini-
mum temperature of 225°F.

2.1.5 Impingers/Condenser - 4 impingers connected in series with glass ball joint
fittings. The first, third, and fourth impingers are of the Greenburg-Smith design,
modified by replacing the tip with a %~inch ID glass tube extending to %-inch from the
bottom of the flask. The second impinger is of the Greenburg-Smith design with the
standard tip. A condenser may be used in place of the impingers provided that the
moisture content of the stack gas can still be determined.

2.1.6 'Metering system - vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 5°F, dry gas meter with 2% accuracy, and related
equipment, or equivalent, as required to maintain an isokinetic sampling rate and to
determine sample volunme, S

2.1.7 Barometer -~ To measure atmospheric pressure to +O 1 inches Hg.

2.2 Sample recovery.

1 Probe brush - at least as long as probe.

.2 Glass wash bottles -~ two,
3

4

.

.

Glass sample storage containers,

-

2

2

2

2 Graduated cylinder - 250 ml,
3 Analysis
3

3

3

3

.1 'Glass welghlng dishes,
2 Desiccator
.3 Analytical balance - to measure to 0.1 mg.
4 Trip balance - 300 g, capacity, to measure to *0.05 g.
Reagents.
3.1 Sampling. :
3.1.1 Filters - glass fiber, MSA 1106 BH*, or equlvalent, numbered for identifica-~
tion and preweighed.
3.1.2 Silica gel - indicating type, 6-16 mesh, dried at 175° C. (350°F) for 2 hours.
3.1.3 Water.
1.4 Crushed ice.
2 Sample recovery.
«2.1 Acetone - reagent grade,
3
3
3

UNNNNNNNNM
L]

Analysis
.1 Water.
2 Desiccant - Drierite,* indicating.

*Prade name.
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4. Procedure. ,

4.1 Sampling. @

4.1.1 After selecting the sampling site and the minimum number of sampling -
points, determine the stack pressure, temperature, moisture, and range of velocity
head,

4.1.2 Preparation of collection train. Weigh to the nearest gram apprcx1mately 200
g. of silica gel. Label a filter of proper diameter, desiccate! for at least 24 hours
and weigh to the nearest 0.5 mg. in a room where the relative humidity is less than
50%. Place 100 ml. of water in each of the first two impingers, leave the third
impinger empty, and place approximately 200 g. of preweighed silica gel in the fourth
impinger. Set up the train without the probe as in Fig. 5-1. Leak check the sampling
train at the sampling site by plugging up the inlet to the filter holder and pulling
a 15 in. Hg vacuum. A leakage rate not in excegss of 0.02 cim at a vacuum of 15 in. Hg
is acceptable. Attach the probe and adjust the heater to provide a gas temperature
of about 250°F at the probe outlet, Turn on the filter heating system. Place crushed
ice around the impingers. Add more ice during the run to keep the temperature of
the glass leaving the last impinger as low as possible and preferably at 70°F or less.
Temperatures above 70°F may result in damage to the dry gas meter from either moisture
condensation or excessive heat.

4.1.3 Particulate train operation. For each run, record the data required on
the example sheet shown in Fig. 5-2, Take readings at each sampling point, at least
every 5 minutes. and when significant changes in stack conditions necessitate addi-
tional adjustments in flow rate. To begin sampling, position the nozzle at the
first traverse point with the tip pointing directly into the gas stream. Immediately
start the pump and adjust the flow to isokinetic conditions. Sample for at least
5 minutes at each traverse point; sampling time must be the same for each point.
Maintain isokinetic sampling throughout the sampling period. Nomographs are avail-
able which aid in the rapid adjustment of the sampling rate without other computa-
tions. APT-0576 details the procedure for using these nomographs. Turn off the
pump at the conclusion of each run and record the final readings. Remove the probe
and nozzle from the stack and handle in accordancée with +the sample recovery process
described in section 4.2. :

4.2 Sample recovery., Exercise care in moving the collection train from the test
site to the sample recovery area to minimize the loss of collected sample or the gain
of extraneous particulate matter. Set aside a portion of the acetone used in the
sample recovery as a blank for analysis. Measure the volume of water from the
first three impingers, then discard. Place the samples in containers as follows:

Containrer no. 1 - Remove the filter from its holder, place in this container, & seal.

Container no. 2 - Place loose particulate matter and acetone washings from all
sample-exposed surfaces prior to the filter in this container and seal. Use a razor
blade, brush, or rubber policeman to lose adhering particles. ‘

Container no. 3 -~ Transfer the silica gel from the fourth impinger to the original
container and seal. Use a rubber policeman as an aid in removing silica gel from
the impinger. .

4.3 Analysis. Record the data required on the example sheet shown in Pig. 5-3,
Handle each sample container as follows:

Container no. 1 - Transfer the filter and any loose particulate matter from the
sample container to a tared glass weighing dish, desiccate, and dry to a constant
weight. Report results to the nearest 0.5 mg.

Container no. 2 - Transfer the acetone washings to a tared beaker and evaporate
to dryness at ambient temperature and pressure. Desiccate and dry to a constant
weight. Report results to the nearest 0.5 mg.

Container no. 3 - Weight the spent silica gel and report to the nearest gram. ?

b

lDry using Drierite at 70°F *10°F,
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5. Calibration.
. Use methods and equipment which have been approved by the administrator to cali-
: brate the orifice meter, pitot tube, dry gas meter, and probe heater. Recalibrate
after each test series,
6. Calculations.
6.1 Average dry ga:o (.ootexr temperature and average orifice pressure drop. See data

sheet ' (Fig. 5-2).
6.2 Dry gas volume.

orrect the sample volume measured by the dry gas meter to

standard conditions (7.7, 29.92 inches Hg) by using Eg. 5-1.
An AH
P + P e
v, _ [Tstd]{ bar 13.6] _ [17_71 °R 1Vm[ bar 13.61 pe. 5-1
std In Fsta in.Hg I .
- . ’).'
where:
vmstd = volume of gas gample through the T, = average dry gas meter temp., °R.

dry gas meter (standard condi- Prar = barometric pressure at the ori-
tions), cu.ft, fice meter, inches Hg,

Vm & volume of gas sample through the AH = average pressure drop ACroOSS
dry gas meter (meter conditicns), the orifice meter, inches H30.
cu. ft. 13.6 = specific gravity of mercury.

Tstg = absolute temperature at standard Poiq = absolute pressure at standard
conditions, 530°R. conditions, 29.92 inches Hg.
6.3 Volume of water vapor,
PH,O] |RT
Vy = vy 3.;.%._ r skal . {0.0474%&-]\71 Eq. 5-2
( std c H20 std- . ¢
where:
sztd = volume of water vapor in the gas R = ideal gas constant, 21.83 in.
sample (standard conditions}, Hg-cu.ft/1b-mole®R.
cu. ft. ' Tstd = absolute temperature at stand-
vlc = Total veolume of liguid collected ard conditions, 530°R,
in impingers and silica gel (see Pstd = ‘absolute pressure at standard
Fig. 5-3), ml. BN conditions, 29.92 inches Hg.
PH,0 = molecular weight of water, 18.1b/
lb-mole.
6.4 Moisture content.
vﬁstd ’
Byo = v o+ Egq., 5-3
gtd "Wstd :
where: . T
B, = proportion by voluwme of watex Vﬁstd-=v01ume of gas sample through
vapor in the gas stream, dimen- the dry gas meter (standard
sionless conditions), cu.ft.
sztd = volume of water in the gas sample

{standard conditions), cu.ft.

6.5 Total particulate weight.
of the weights on the analysis data sheet (Fig. 5-3).
6.6 Concentration.

6.6.1 Concentration in gr/sctf adl

= |0.0154 & L

1
C's Y

Psed

Determine the total particulate catch from the sum

Eg. 5-4
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where: :
¢'s = concentration of particulate matter Vin = volume ¢f gas sample
in stack gas, gr/scf, dry basis std through dry gas meter ,
Mn = total amount of particulate matter (standard conditions}, :
collected, my. cu. ft, : E?
6.6.2 Concentration in lb/cu.ft, ' '
e ) :
cg = 453’800 e — = 2.205x107 0 o2 Eq. 5-5
~ Tsta Mstd
where:
Cy = concentration of particulate matter M, = total amount of particulate
in stack gas; lb/scf, dry basis. collected, mg.
453,600 = Mg/lb. : vmstd = volume of gas sample through
5

6.7 Iscokinetic wvariation.

V, (pH,O)}R
1 2 v
° +. -m-[Pbar L ]

dry gas meter (standard con-
ditions), cu.ft.

Ma.0 T 13.6
I = 00
BV Pohy x1 |
v, A
{1 667%%%) [[o oo267iL—r—’---}555’;;‘?—‘1—-»11E ]V10+T§L(Pbar+ "—"l;&sﬂTs
OV _ P.A
o s s, Eq. 5-6
where:
I = percent of isckinetic sampling. Pbar = barometric pressure at
Vlo = total wvolume of liguid collected in "sampling site, inches Hg.
impingers and silica gel {see Fig. AH = average pressure drop across
5-3), ml. the orifice (see Fig. 5-2},
PH,O = density of water, 1 g/ml. inches HpQ
R = ideal gas constant, 21.83 in. Hg-cu. Tg = absolute average stack gas
ft./1b. mole-°R temperature (see Fig. 5-2),°R
MHZO = molecular weight of water, 18 1lb/lb~ @ = total sampling time, min.
mole, Vg = stack gas velocity calculated
Vi = Volume of gas sample through the dry by Method 2, Eg. 2-2, ft/sec,.
gas meter (meter conditions) cu.ft. Ps = absolute stack gas pressure,
Ty = absolute average dry gas meter temp- inches Hg, :
erature {see Fig. 5-2), °R. A, = cross—sectional area of

nozzle, sg. ft.

6.8 Acceptable results.
kinetic sampling results: .

If 90% < I < 110%, the results are acceptable; otherwise, reject the results and
repeat the test,

The following range sets the limit on acceptable iso-

7. References.

Addendum to Specifications for Inc1nerdtor Testing at Federal Facilitles, PHS, NCAPC,
Dec. 6, 19%967. :
Martln, R. M., Construction Details of Isckinetic Source Sampling Equipment, Environ-
mental Protection Agency, APTD-0581. .

Rom, J. J., Maintenance, Calibration, and Operation of Isokinetic Source Sampling
Equipment, EPA, AP¥D~0576,

Smith, W. S., R. T. Shigehara, & W. F. Todd, A Method of Interpreting Stack Sampling
Data, presented at 63d Annual Meeting Air Peollution Control Assn., St. Louis, June 1970.
Smith, W. 8. et al, Stack Gas Sampling Improved and Simplified with New Equipment,

APCA paper No. 67-113, 1967.
Specifications for Incinerator Testing at Federal Facilities, PHS, NCAPA, 1967.
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APPENDIX F: DETERMINATION OF SULFUR OXIDE EMISSIONS
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METHOD 6~- DETERMINATION OF SULFUR DIOXIDE EMISSIONS FROM STATIONARY

SOURCES

1. Principle and applicability.

1.1 Principle. A gas sample is extracted from the sampling
point in the stack. The acid mist, including sulfur trioxide, is
separated from the sulfur dioxide. The sulfur dioxide fraction is
measured by the barium-thorin titration method.

1.2 Applicability. This method is applicable for the

determination of sulfur dioxides emissions from stationary sources
only when specified by the test procedures for determining compliance
with New Source Performance Standards.

2. Apparatus.

2.1 Sampling. S%e Figure 6-1.

2.1.1 Probe- Pyrex™ glass, approximately 5 to 6 mm. ID, with a
heating system to prevent condensation and a filtering medium to
remove particulate matter including sulfuric acid mist.

2.1.2 Midget bubbler- One, with glass wool packed 1in top to
prevent sulfuric acid mist carryover.

2.1.3 Glass wool.

2.1.4 Midget impingers- Three.

2.1.5 Drying tube- Packed with 6 to 16 mesh indicating-type
silica gel, or equivalent, to dry the sample. :

2.1.6 valve- Needle valve, or eguivalent, to adjust flow rate.
2.1.7 Pump- Leak-free, wvacuum type.

2.1.8 Rate meter- Rotameter or equivalent, to measure a 0-10
s.c.f.h. flow range.

2.1.9 Dry gas meter- Sufficiently accurate to measure the
sample volume within 1%.

2.1.10 Pitot tube- Type S, or eguivalent, necessary only if a
sample traverse is required, or if stack gas velocity varies with

time.
2.2 Sample recovery.
2.2.1 Glass wash bottles- Two.
2.2.2 Polyethylene storage bottles- To store impinger samples.
2.3 Analysis.
2.3.1 Pipettes- Transfer type, 5 ml. and 10 ml. sizes
(0.1 ml. divisions) and 25 ml. size (0.2 ml. divisions}).
2.3.2 Volumetric flasks- 50 ml., 100 ml., and 1,000 ml.
2.3.3 Burettes- 5 ml. and 50 ml.
2.3.4 Erlenmeyer flask- 125 ml.
3. Reagents
3.1 Sampling
3.1.1 Water- beionized, distilled.
3.1.2 Isopropanol, B80% Mix 80 ml. of isopropanol with 20 ml.
of distilled water.
. 3.1.3 Hydrogen peroxide, 3% dilute 100 ml. of 30% hydrogen
peroxide to 1 liter with distilled water. Prepare fresh daily.
3.2 Sample recovery.
3.2.1 Water-~ Deionized, distilled.
1

Trade name.
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3.2.2 Isopropanol, BO%.

3.3 Analysis.

3.3.1 Water—~ Deionized, distilled.

3.3.2 Isopropanol. _

3.3.3 Thorin indicator- l-(o-arsonophenylazo)-2-naphthol-

3,6-disulfonic acid, disodium salt (or equivalent). Dissolve 0.20 g.
in 100 ml, distilled water.

3.3.4 Barium perchlorate (0.0l N)- Dissclve 1.95 g. of barium
perchlorate Ba(C104)2-3H20 in 200 ml. distilled water and dilute

to 1 liter with isopropancl. Standardize with sulfuric acid.
Barium chloride may be used. d :
3.5 Sulfuric acid standard (0.0l N)- Purchase or standardize

to T 0.0002 N against 0.01N NaOH which has previously been
standardized against potassium acid phthalate (primary standard grade) .

4, ~ Procedure.

4.1 Sampling.

4.1.1 Preparation of collection train. Pour 15 ml. of 80%
isopropanol intc the midget bubbler and 15 ml. of 3% hydrogen peroxide
into each of the first two midoget impingers. Leave the final midget
impinger dry. Assemble the train as shown in Figure 6-1. Leak check
the sampling train at the sampling site my plugging the probe inlet and
pulling a 10 inches Hg vacuum. A leakage rate not in excess of 1% of
the sampling rate is acceptable. Carefully release the probe inlet
plug and turn off the pump. Place crushed ice around the impingers.
Add more ice during the run to keep the temperature of the gases
leaving the last impinger at 709F. or less. -

4.1.2  Sample collection. Adjust the sample flow rate
proportional to the stack gas velocity. Take readings at least every
five minutes and when significant changes in stack conditions
necessitate additional adjustments in flow rate. To begin sampling,
position the tip of the probe at the first sampling point and start
the pump. Sample proportionally throughout the run. At the
conclusion of each run, turn off the pump and record the final
readings. Remove the probe from the stack and digsconnect it from
the train. Drain the ice bath and purge the remaining part of the
train by drawing clean ambient air through the system for 15 minutes.

4.2 Sample recovery. Disconnect the impingers after purging.
Discard the contents of the midget bubbler. Pour the contents of
the midget impingers into a polyethylene shipment bottle. Rinse the
three midget impingers and the connecting tubes with distilled water
and add these washings to the same storage container.

4.3 Sample analysis. Transfer the contents of the storage
container to a 50 ml. volumetric flask. Dilute to the mark with
deionized, distilled water. Pipette a 10 ml. aliquot of this
solution intoc a 125 ml. Erlenmeyer flask. Add 40 ml. of isopropanol
and two to four drops of thorin indicator. Titrate to a pink
endpoint using 0.0l N barium perchlorate. Run a blank with each
series of samples.

5. Calibration.

5.1 Use standard methods and eguipment which have been approve
by the Administrator to calibrate the rotameter, pitot tube, dry gas i
meter, and probe heater.
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5.2 Standardize the barium perchlorate against 25 ml. of
standard sulfuric acid containing 100 ml. of isopropanol.

6. Calculations.

6.1 Dry gas volume. Correct the sample volume measured by

the dry gas meter to standard conditions (70°F. and 29.92 inches Hg)
by using equation 6-1.

4 ’ \
v v Tsta | Ppar
m = Ym ; 4 -
Std Tm ¥ \\\Pstd ’,
-
OR ..: Vmear j
17.71 in.Hg - / ' equation 5-1
~ I y
where:
Vm = Volume of gas sample through the dry gas meter (standard
std c .
conditions), cu.ft.
Vp, = Volume of gas sample through the dry gas meter (meter
conditions), cu. ft. o
Tstg = Absolute temperature at standard conditions, 5307R.
Th = Average dry gas meter temperature, ©R.
Py.y = Barometric pressure at the orifice meter, inches Hg. _
Porq = Absolute pressure at standard conditions, 29.92 inches Hg.
6.2 Sulfur dioxide concentration. /, N
o AY y
Ve N (Vev)y (222
/ 16-5 1b.-1. } " Va
C =1!7,05 x 10 .
50 —ml. A\
2 \\ 3 ',/ Msta
equation 6-2
where:
Cgo = Concentration of sulfur dioxide at standard conditions,
2 dry basis, 1lb./cu. ft.
7.05x10"5= Conversion factor, including the number of grams pex
gram equivalent of sulfur dioxide (32 g./g.-eq.),
453.6 g./1b., and 1,000 ml./1., 1b.-1l./g.-ml.
Ve = Volume of barium perchlorate titrant used for the sample, ml.
Vip = Volume of barium perchlorate titrant used for the blank, ml.
N = Normality of barium perchlorate titrant, g.-eq./l.
«Vsoln = Total solution volume of sulfur dioxide, 50 ml.
V, = Volume of sample aliquot titrated, ml.
vmstd = Volume of gas sample through the dry gas meter (standard

conditions), cu. ft., see Equation 6-1.
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SOURCE:  Celo o, Tohob "Ru0. 423 ?/95}3;

TEST NUMBER: \ - . :

‘Volume of sample at standard condjitions, dry basis

v = 117.71 °r v |p +AH = S4-154 cu. ft.
nmstd in Hg m | baxr 13.6 _ o
T

Volume water vapor in sample at standard conditions

v o= [F:0474 cu.ft. | v 4 = ] _____cu.ft.

wstd ml lc

-
L]

Moisture content in stack gas

B = V ystd o - 7.li.f' - -l f
WO V omstd + V wstd“_ S o

Particle concentratlon in sLack gas on dry basms

fe=r [m]

2,205 10 6

1

1
C's

i

Joal.  grains/sc

f"‘""\

il

S = 4§ I 1bs/scf
, C oW Yemstd L L '
Stack gas volume flow rate on dry basis ] T - |

1238163 semn

Os = 3600 (1-B,,) Vg a| Tsta Ps =
: . Tg avg Pgea
- Process rate or BTU rating | _ Py 0 0= -

Emission Rate

Os ¢'s = £3.81F. 1bs/hr
o Vo
O; c'y = 1bs/ : Gﬁ{.
5
(1.667 miny . in.Hg.cu.ft.

Y = | gec’ Ty 1(0.00267 mi—on ) Vie t §m (P + QM)
A- axr I35
N - _ —t
< o . oevpea.

(A, = -voody, 8q. ft.) = 750 \J

(= 292} B Ay 35,99
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PARTICLE DATA LABORATORIZS, LTD.

SOURCE: Cajqa_‘u_@h NSNS of Ralo B T 5/"2‘”};‘??

(25T NUMBER: 2 _

Volume of sample at stanaérﬁ conditions, dry basis

v = |17.71 ©r v |P +AH : 51-2 %9 cu. ft.
mstd in Hg m | bar 13.6 '

T

it

Volume watexr vapor in sample at standard conditions

. s : _
Vv = |0.0474 cu.ft. | v o = $ €69 cu.fe.
wstd nl - le o - . . . _

-
-
[3

Moisture content in. stack gas

B = V wstd : o e m”"“rq'¥t
WO Vm'std-!—vwstd__‘ LT

Particle concentratlon in stack gas on dry basxs

(w c'y = [(10154 g] _='=": 'O?&é ‘grains/sc
. mst . S
= .2.205 106 i -
Stack gas volume flow rate on dry ba51s : - o '
0s = 3600 (1-B,,) Vg Al Tstd Ps = 1729991 sefn
: : - Ty avg Pgrg ‘ T - :
Process rate or BTU rating'- | Py = i
Emission Rate _
Qs ¢'s = __ 1795, 1Ibs/hr
Qg c's = ibs/ |
Py, R'hﬁbo

M ) min ) . : 1.
T (Pbar + )

L
OV PgA,

(Ap = -woo gy Bg. ft.) ' @ TY39 %
b7 @423, fo: 3994, A 2 B h Ti:<9
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PARTICLE DATA LABORATORIES, LTD.
source: Celanudl, Golakr D2 2|30

LEST NUMBER: |

Volume of sample at standard conditions, dry basis

L , . -
v = [17.73 ©r v [P +An = NL2¥YsS o el
mstqd in Hyg m ] bar 13.6 .
: T -

it

Volume watex vapor in sample at standard cpnditions

V. = 10.0474 cu.ft. | v R L = PR syl Fel
wstd ml e o . S :
Moisture content in stack gas' ,
B = V owstd = 4D,
wo Vomstd + V wstd_ — '
- Particle concentratlon in stack gas on dry baSlS
( c's = EOlSd g] L= BGN "-grains/sc:
: .. : . a mstd - ..k — M R L
z= -6 . = ) ‘h-“
- 2.205 10 | . _ = 42391 19 7 1ps/sct

) e e _ _V_mstd e f“',;_: o
Stack gas volume flow rate on dry ba51s ) -; - S '

1769692 curn
}_ .) - " .

Qs = 3600 (1-B,,) Vg Aa| Tsta Ps =
Process rate or BTU rating . Py = -

Emission Rate

Qs ¢'s = 1006 1bs/hr
Q. c! = 1bs/
5 -8 / 26123
By, |
(1.667 Iiny, . in.Hq.cu.ft.
ST | sec’ Ty [(0.00267 i on ) Vie ¥ gm Py AN )
g m bar Vg
= —t
eV P .
(Ap = worw Bq. ft.) @ A6 < &

\]{ ~ vy A oy ‘ D . ng ek L o
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- PARTICLE DATA MBOR.QTQHFES, LTD.

SOURCE : Cow)um ﬂ&a M#Q ?fiofﬁ.

( _£ST NUMBER:

-

Volume of sample at standard conditions, dry basis

- . -
v = |17.71 °r v [P san = 44863 . cu.fe.
mstd in Hg ~ wm § bar 13.6 )
I

Volume water vapor in sample at standard conditions

~ R < .
\ = | 0.0474 cu.ft. | Vv | L= ?'10‘ 4 cu.ft.
wstd ml . lc I 3 - :
Moisture content in stack gas
B o= V ustd = )4l
wo Vmstd + V wstd_, .
—‘Particle concentratlon in stack gas on dry basxs
. . - . _ .__6 R L P ) .
:2'_‘05 10 | o = }:23% 10 " abs/scr

. : P , V.mstd _ e e e L
Stack gas volume flow rate on dry ba51s ' o

Os = 3600 (1B o) Vg a| Tsta Ps JL45S027 scfh
, : Tg avg Pstd : ) N - '

R

1t

Process rate or BTU rating | - Py

Emission Rate

05 c'g = 5318 Ibs/hr
Q. ¢! = ibs/ .
§ ~ 8 / 2-S33YY
Py .

' Y min, - :

T e (1.667 358 Tg [(0.00267 AR:lgecuft.) o 4oy
S ml OR le " 8 p L AR )
(\. : bar "—y3¢

OV PcA, -
(A, = rovody) 8g.ft.) | = AR §

V-l T = <k 7 < Do . e9 A= G L
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PARTICLE DATA LABORATORISS, LTD.

;
Y,

' Process rate or BTU rating _ Py =

SOURCE: a0 bk b ® 2 3¢ |33

IST NUMBER: 3 ,

Volume of sample at standard conditions, dry basis

v = }17.71 °©°r v |p AT = 454 oy, fe.
nstd An Hg|l -~ m | bar 13.6 . _

T

Volume water vapor in sample at standard condltlons

v = 10.0474 cu.st. |v - o 94906  cu.fe.

wstd ml e . L ‘
Moisture content in stack gas 7

B = V owstd o L LT e et ln i

WO Vomstdq + V wstd_ T

Particle concentratlon in stack gas on dry ba51s

. e'yg = —E 0154 g :l = tobl1} .- 'Vgrains/sc
SEREE v--—— bl i: grains/s
= 2.205 10-6 oA 1ﬁ(

L - ' o ) , ’ = gEr9n o - 1lbs/scf
.. Viomstd . e VP U P

Stack gas VOIume flow rate on dry ba51s ' S L

1361202 o

i

Qs = 3600 (1-B,,}) Vg A| Tsta Ps
' R Ts avg Pgeg

“Emission Rate

Qs c'g = - fg':lp"':"flbsfhr
QS C's = 1bs/ ’ , S . C ] ‘
Py . ' - PAREERS
. min, | L ! '
- (1.667 s8c! T (0.00267 1n.Hg.cu.f‘L.) v, o+ Vv
. s _ ml Op lc T~ (P + AH )
m axr Ty
- —
OV PeA,
(A = 'MDO'S'-{‘ Bqg. ft.) @ - { %

02953 Ve 4408 Tosrs A,
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 PARTICLE DATA LABORATORIES, LT,

APPENDIX I: SULFUR OXIDES FIELD TEST DATA SHEETS, LABORATORY
. ANALYSTS DATA AND CALCULATION SUMMARIES
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PARYICLE DATA LADORATORIES, LTD.

SULFUR OXIDES

z

SOUKCE: C&L-:{J“OQH T;Q_,,\’ ML "Lljol:ﬁ .

TEST NUNBER: |\ o ppot~ - PDL PROJECT NO.

ENGLISH UNITS  CONVERSION  METRIC UNITS
(29.92in. 70°F) FACTOR (760mmn 20°C)

Volune of sample at standard conditions,
dry basis

Voopg = 27.70 R Vﬁﬁ%g; .
mstd in.Hg [ ] = + 361, cu.ft. x 0.02821 M3
Concentration of sulfur dioxide at
standard conditions, dry basis

S,

c _ .5 [ '} [soln.] -3 o 6 3
502 [7.05 207 w1 |ly Ve NV = {132 1D Ib/scf x 16.08 x 10 g M .
( ]~ Ve 1o —
Puission rate ;ulfur dioxide = CSOz'QS = {9 i 1b/hr x 0.4536 kg/hr

| ' = 17108810 % 1.8 kg/106
kg~cals
b6y (e

‘Concentration of sulfur tricxide at
standard conditions, dry basis

5 .
c 5.64 107> 1b.1. Eft—vtb] [901] ,
%03 [ g.ml :l ->

Vista = . 0¥4 10 Ib/scf x 16.08 x 10° mg A
Bnission rate sulfur trio ide = CSOj'Qs = htd Ib/hr x 0.4536 kg/hr
| = 1b/10%BTU x 1.8 xg/108
-cals
. 4o\ gpa kg-ca
Sample taken at: o
Sampling time: Mins.
¥ ug

8031 ug



PARTICLE DATA LADOGRATORIES, LTD.

2 'SULFUR OXIDES

SOURCE: (L Mo TS0k Ral # 2 'lfbah’) .

TEST NUMBER: -2 @ ufsf = o PDL PROJECT NO.

ENGLISH UNITS CONVERSION  METRIC UNITS

(29.92in, 70°F) FACTOR (760 20°C)
{'
Volume of sarmple at standard conditions,
" dry basis
Vpseg = 17.71 R | ViPray | '
mstd in.Hg I}m?;r ] = +F3b2. cu.re. x 0.02821 M
~ Concentration of sulfur dioxide at
standard conditions, dry basis
_ -5 [ ] soln] : - , : _ 3
Cann = 17.05 107 lbl Vi Viep [N {05 = |*24 2 W0p/scf x 16.08 x 10° mg/M
Enis.sion rate sulfur dioxide = CSOZ'QS = Q!*a . Ib/hr, x 0.4536 kg/hr
- = 1b/10%8T0 x 1.8 kg/106
‘ } {0 kg-cals
_ ppr

Concentration of sulfur tricxide at
standard conditions, dry basis

-5
C 5.64 10 7 1b.1. Eft-vtb] [501] 4

Vinstd = +)0x 10 Ib/scf x 16.Q8 x 10% m;/M3
Pnission rate sulfur trio ide = CSOB'.QS , = !}: Ib/hr x 0.4536 kg/hr
= 1b/10%810 x 1.8 kq/106
4+9 - kg-cals
e ee

Sample taken at: 1O i
Sampling time: 1y, Mins.
S _ Hg

S03: uy



PARTICLE DATA LABORATORIES, 17D,

( : . _SULFUR OXIDES .

-+

sourRcr: Glz s Tola b f{lAQA&;z 3refa 3

TEST NUMBER: 5~ e 3rct , | | " PDL_PROJECT NO.

ENGLISH UNITS COWERSION  METRIC UNITS

(29.92in. 70°F) FACTOR (760 20°C)
’
Volune of sanple at standarﬁ condltlons,
dry basis ) i
= 17. 7l N . '
Vmstd [—m%] - = "3€9 _ cu.ft. x 0.02821 e
Concentration of Sulfur dioxide at
standard conditions, dry basis
‘ .
c _ -5 [ ] ln] - -> : 6 _ 3.
$02 [7.05 1075 w1 |[v VNIV - = e Sh 10 1b/scf x 16.08 x 10 mg/M
(“ g-ml Vmistd ' o : o

Q'o‘ 1b/hr. x 0.4536 kg/hr

Fmission rate sulfur dioxide = CSOZ-QS

= 1b/10%BTU % 1.8 kg/105
- kg-cals
.0
Concentration of sulfur tricxide at
standard conditions, dry basis
pos ] po] ]
Voot = 99( 1o Ib/scf x 16,08 x 10° A
Bnission rate sulfur trio ide = Cgy,.0Og = {'Y  Ib/hrox 0.4536 kg/hr
| = 1b/10%BTU % 1.8 kq/10°
kg-cals
" e 121 gp ’
Sample taken at: gt

Sampling time: LY . Mins.



PARTICLE DATA LABORATORIES, LTD.

2

 SULFUR OXIDES . [

source:  Cola M, Tolut- ﬁgiﬂ‘f}é 333

TEST NUMBER: 72..3 oWz B § ’ PDI, PROJECT NO.

ENGLISH UNITS CONVERSION  METRIC UNITS

(29.92in, 70°F) FACTOR (7600 20°C)
;o
Volure of sample at standard conciltlons, : .
dry basis ‘ ' -
Vs = 17,71 R Y, ' - |
mstd in.Hg [‘m%] = 789 cu.ft. x 0.02821 1
Concentration of sulfur dioxide at
standard conditions, dry bhasis
I -5 [ ] Vson] - - 6 3
$0p T j7.05 10 7 1b. 1 ViV, N[V = J.324 101b/scf x 16.08 x 10 mg/M
- gl Vinstd ' | A
Emission rate sulfur dioxide = Cgp,.0O =2\'f  Ib/hr. x 0.4536 kg/hr
| = 1b/10%8T0 % 1.8 - kg/106
. kg-calcs

Concentration of sulfur trioxide at
standard conditions, dry basis

o Pz o]

Vinstd ="0%& 12 lb/scf x 16. 08 X 106 ng/M3
‘Bmission rate sulfur trio ide = Cgp .04 = 'L Ib/hr x 0.4536 kg/hr
= 1b/105510 x 1.8 kg/106
Loy ope o kg-cals
Sample taken at: :
Sampling time: © Mins.
S\*" . nyg

803t ug



PARTICLE DATA LABORATORIES, LTD.

2 SULFUR OXIDES

. - - -

sourRck: (U 00a Flab (L\L%H. Ifsefry .

TEST NUMBER: .| @ TI5T ' PDL PROJECT NO.

ENGLISH UNITS CONVERSION  METRIC UNITS

(29.92in. 70°F) FACTOR (760m 20°C)
| \ ?'

Volume of sample at standard conditions,

dry basis )

v, = 17.71 __R_ : \ ~
mstd in. Hg ["‘%‘] = ‘901 cu.ft. x 0.02821 >

Concentration of sulfur dioxide at

standard conditions, dry basis

.

Cam. = -5 [ } solﬁ] -3 : e ' 3
SOp T {7.05 1077 1b. 1 | [Vy-Vip |N| V5| = 1},% (10 Ib/scf x 16.08 x 10 mg M
£ .g—ml Vinstd o ' ' . ) . :

Enission rate sulfur dioxide = C50,+Qg = 28 5 lb/hr. x 0.4536 : kg/hr

' = 1b/10%8T0 x 1.8 kq/106
lot-2 kg~cals
N (e

Concentration of sulfur trioxide at
standaxrd conditions, dry basis

oot ] fenal ] g

~Vimstd =09 10 1b/scf x 16 08 x 10° mg/M3

Emission rate sulfur trio ide = CSO3'Qs = Iy 1b/hr x 0.4536 kg/hr:
= 1b/10%8TU x 1.8 o kq/108
b &y KPVA kg-cals

Sample taken at: |[*°
Sampling time: ° ;;ﬁj Mins.
s vy

- 503: ug



PARTICLE DATA LABORATORIES, LTD.

SULFUR OXIDES |

ER

sourcE: Clapls  TQut M #2 3]30143

TEST NUMBER: -2 . &m , o ~ PDL PROJECT NO.

ENGLIGH UNITS CONVERSION  METRIC UNITS

(29,92in. 70°F) FACTOR (760ran 20°¢)
_ -
Volure of sample at standard conditions,
dry basis
v, = 17. 71 ' ’ '
mstd [ :l | = 56 cu.fr. x 0.02821 v

Concentration of sulfur dioxide at
. standard conditions, dry basis
F d
[ anhl ’ e

VL = )11 19 1p/scf % 16.08 x 10° mgAe

c%;ﬁ,?r = 17 .05 107° 1b. 1]!37 —th]N

‘g-ml Vmstd

~ Emission .fate sulfur dioxide = CSOg'QS =i 0 - 1b/hr. x 0.4536 kg/hr
- = 1b/10%B1U x 1.8 kg/106
_ kg-cals

Concentration of sulfur triotide at
standard conditions, dry bhasis

-5
Cso3 = EM 10 éb 1] Eft"th] [SQl] -3

T— = 122 10 1b/scf x 16.08 x 10° A

Pnission rate sulfur trio ide = CSO3'Qs = ;1 ‘O 1b/hr x 0.4536 . kg/hr
= 1b/10%B1U x 1.8 kg/10°
<\ o‘ qp"“"‘ : kg-cais.

Sanmple taken at: | o

Seimpling time: Ly - Mins.
8. Wy

503: Vg



PARTICLE DATA LABORMOR!ES, LD,

o SULFUR OXIDES |

SOURCE: CjnLg%Jﬂhv g0k Nlde 2 fd§°}¢q

TEST NUMBER: ol . - . ' PDL PROJECT NO.

ENGLISH UNITS CONVERSICN METRIC UNITS
(29,92in. 70°F) FACTOR (760mm 20°C)

Volume of sample at standard conditions,

dry basis _ ' ) ) |
[_m%li] §®0 cu.ft. x 0.02821 M3

Concentration of sulfur dioxide at
standard conditions, dry basis

r )
= "5 Ol'n'-l
Cgop, = (7.05 107 1b.1 Ef -th]N Ve | = 12210 1y /60 % 16,08 x 10‘5 T M
( ™ gl Vmstd I _ , I
Frission rate sulfur dioxide = CSOQ'QS =k j Ib/hr. x 0.4536 kg/hr
' = 1b/10%BTU x 1.8 kg,/106
k le
@00»\ ‘{1'\9‘ . g—Ca

Concentration of sulfur tricxide at
standard conditions, dry hasis

. -5 )
C =15,64 10 1b.1. Eft"vtb] [SOI ] e
503 [ g——————-.m:l ~N .

 Vinsta = 3408 10 1b/scf x 16.08 x 10° mg/M3'

F}nissiop rate sulfur trio ide = CSO3'Qs = S5 3 Ib/hr x 0.4536 kg/hr
= 1b/10%BTU x 1.8 ka/10°
“,L{-'} o kg-cals

Sample taken at: Io%o'
Sampling time: © 4o Mins.
& - My '

03: g



PARTICLE DATA LABORATORIES, LTD.

5 SULFUR OXIDES . 3
source: Cadaplon Slok Tl wa . iNGE
TEST NUMBER: D  Ugo ) . | ‘ PPL PROJECT NO.

ENGLISH UNITS CONVERSION ~ METRIC UNITS

(29.92in. 7G6°F) FACTOR (760mm 20°C)
Volure of sample at standard conditions, '
dry basis
Vinsta = 1771 - °R_ | VpPrar | - ‘ | 3
| in.Hg —mqn— = ‘300  cu.ft. x 0.02821 - M
Concentration of sulfur dioxide at
standard conditions, dry basis
— _ : ‘-30.13’1-' : , ~3, .
Csop = |7.05 10 > .ll'@.__J;Al[V -th]N[ ! = 13594% Jn /50 % 16.08 x 10° Mg At
- gl | T Vinsea — T —
Emissionl rate sulfur dioxide = CSOg'Qs = 253 '3_ Ib/hr. x 0.4536 . | kg/hr
' = 1b/108BTU x 1.8 ka/100
kg-cals
RGN s

| e
 Concentration of sulfur trioxide at .
standard conditions, dry basis

5 ) .
Ceo, =15.64 107> 1b.1. Eft--vtb] [soln:]

6 3

| Vinstd =119 0 1b/scf X 16 08 x 10 _mg/_‘M
Fmission rate sulfur trio ide = (2503.QS = b f] Ib/hr x 0, 4536 kg/hr
| = 15108810 % 1.8 kq/106
kg-cale«

Lo
Sample taken at: uu.) a ’\DM .

Sampling time: Mins.

503: Mg
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PARTICLE DATA LABORAYORIES, LTD.

I SULFUR OXIDIS |

sourcr: Gl Mo, Glit NVale #9 a3y

TEST NUMBER: |-| Q&Y - ' PDL PROJECT NO.

ENGLISH UNTTS  CONVERSION METRIC UNITS
(28.92in. 70°F) FACTOR (760mm 20°C)

Volure of sample at standard conditions,
dry basis

v 17.71 R : | ‘
mstd | I: P%b ] = 937 . cu.ft. x 0.02821 M3

Concentration of sulfur dioxide at
standard conditions, dry basis _ '

- -5 [soln_l - ‘ - ‘ '
Cso, [7 05 1072 1b. 1]& —th]N VL =38 107 m/zcf x 16.08 x 10° mg>
o
Pission rate sulfur dioxide = Cgn,.0g = Q0¢  Ib/hr. x 0.4536  ___ kg/hr
' ' = | 1b/10%BTU x 1.8 ko/108
ST ' kg-cals
éﬁ" : 'QD e ?

Concentration of sulfur tricxide at
standard conditions, dry basis

g~ 0% 23] ] ]

— 12 10" /12 10" 1b/scf x 16 08 x 10° mgAC

Pnission rate sulfur trio ide = CSO3'Qs = Q 1b/hr % 0.4536 kg/hr
' = 167108810 x 1.8 kq/10°
kg-cals

SN ppw
Sample taken at: ﬁ"’/ t

Sampling time: 2y Mins.
S04: ug

at

S03: Mg S B -



PARTICLE DATA [AB{}M?’GR’.EES, LD,

\ : - SULFUR OXIDES

SOUKCE: C»‘LQ,_{}_,O_Q_Q‘ Toler  MAllE2 .'3}24}—*}% .

TEST NUMBER: 1-) o i " o ' PDL PROJECT NO.

ERGLISH UNITS CONVERSION  METRIC UNITS

(29.92in. 70°F) FACTOR (760mm 20°C)
r’;
Volumz of sample at standérd conditions,
dry basis
=17.70 R |¥
Vmstq = in. Ig [‘mmg—] = 33t cu.ft. x 0.02821 M3
Concentration of sulfur dicxide at
standard conditions, dry basis
N -5 [ ] soln} -5 - p 3
Ceop = [7.05 10 1o 1 HV SV N [ T = [-2bl 10 Ib/scf x 16.08 x 10 mg/M
- ' g-ml Vmstg S - _ .
Euission rate sulfur dioxide = Cgo,.0s =238 Ib/mr. x 0.4536 kg/hr
| ' = 1b/10%8T0 x 1.8 ' kg/106
BRI T kg-cals
3ffJ‘ > Qprw : 9

Concentration of sulfur trioXide at
standard conditions, dry basis

Csog = l: 64 107> 1b. l] Ii{._-vtb] [Soln] s
g.ml

Vistd = ‘5‘90 10 Ib/scf x 16 08 x 10° mg/M3

Buission rate. sulfu; trio ide = Cs03-Q6 = 5 >+ b Ib/hr x 0.4536 kg/hr
= _ 1b/10%B1U x 1.8 kg/10°
oL < b " . kg~cals

Sample taken at: (o“°

Sampling time: ¥ Mins.

ra

Hg



PARTICLE DATA LABOMFGE’EEES, ITD.

1y

SULFUR OXIDES _

SOURCE:  (,fy i Dokt Wbk 2fas o7

TEST NUMBER: - { 1zt

Volune of sample at standard conditions '

T ]

Vmstd = 17. '?l
Concentration of sulfur dicxide at
standard conditions, dry basis

_ -5 [‘ ] soln-]
Cs0p = 17.05 2077 1b.1 ||V, ~Vip, [N |05
< P Vimstd )

Bnission rate sulfur dioxide = CSOz'QS

Concentration of sulfur tricxide at
standard conditions, dry basis

Cooy = E 64 107> 1b. 1] E’t“i 501“]

Vmstd
Bmssmn rate sulfur trio ide = Cop3-04

PDL PROJECT NWO.

ENGLISH UNITS CONVERSION  METRIC UNITS

(29.92in. 70°F) FACTOR (760mm 20°C)
’
= “7H({  cu.ft. x 0.02821 M
= 2130 101p/sef x 16.08 x 10° mg /A1
= 368 mr. x 0.4536 kg/hr
- 1b/10%8TU % 1.8 | kg/10°
- kg—cals
25 + ep"wx g
Id
re-w, 6 3
= ¢IBD \0 1b/scf x 16.08 x 10 my/M
= 53 Ib/hr x 0.4536 kg/nr
= /168810 x 1.8 kg/108
%‘),'S' 7 """”"ED.W\ | kg-cals



PARTICLE BATA MB@RA?’OR%S LTD.

o ' SULFUR OXIDES
source: Colap Mo Sab b Bals #2 3}2;\)}3
TEST NUMBER: 2. QEER - ' PDI, PROJECT NO.
ENGLISH UNITS CONVERSION METRIC UNITS
(29.92in. 70°F) FACTOR (760mm 26°C)
. P
Volume of sanple at standard conditions,
dry basis
V. = 17. 71
mstd [‘m’i‘ﬁ“] = 386, cu.fe. x 0.02821 Ve
Concentration of sulfur dioxide at
standard conditions, dry basis
: 5
= “'5 [ SO]I;]
Coay = 17.05 10 lb Y "‘ftb]N Vil =913 (b Ib/scf x 16.08 x 106 g M
L Vinstd
Emission rate sulfur dioxide = Cg0,-0g = S5 1b/hr. x 0.4536 kg/hr
| - = 1b/10%RT0 x 1.8 kq/106
63 kg-eale

?nww

Concentration of sulfur trioxide at
standard conditions, dry basis

5 _ o
C =15.64 10 - lb.l. E%EJVtS] [jsol%] ,
03 [ gml] -

~ Vista = *33 10 Ib/scf x 16,08 x 10° Mg A

Buission rate sulfur trio ide = Cgp,.Qg = 5'%  Ib/mr x 0.4536 ‘ kg/hr
= /108810 x 1.8 kq/108
kg-cals

16 gpne
Sample taken at: QA°.
}8) gx

Sampling time: 25 Mins.
. w

5031 Vg ' *



PARTICLE BATA LABORATORIES, LTD.

5 ~ SULFUR OXIDES |

SOUKCE: .t ifle  Jolok %&#3 'Z}M\%

TEST NUMBER: -2 0ot . o L PDL PROJECT NO.

ENGLISH UNITS CONVERSION  METRIC UNITS

(29.92in. 70°F) FACTOR (760mm 20°C)
Volume of sample at standard conditions,
- dry basis : . , ,
=17.70 oR P o
Vinsta [I‘T—I_J = 29 cu.fe. x 0.02821 w
Concentration of sulfur dioxide at
standard conditions, dry basis
- -5 [' ] [soln-] ' -3 oy ;
Crng = [7.05 2075 .1 |y tVeINITUE . = [3400 10 In/scf x 16.08 x 10 Ty /M
: gL T Vrsta 0 - T
Emission rate sulfur dioxide = CSO;;-% =245 £  1b/hr. x 0.4536 kg/hr
| ‘ = 16108810 x 1.8 Xa,/106
kg-cals
WY ppme ?
" Concentration of sulfur trioxide at
standard conditions, dry basis '
CSO3 |: 64 10 -5 1p, l:l Eft"vtb] [501“] )
' Vista = t3ap 10 lb/scf x 16, 08 x 106 mq/M3
Mission rate sulfur trio ide = Cs05+0s = 285 1b/hr x 0.4536 kg/hr
| = 1b/10%BTU x 1.8 kg,/108
-—:l SRy ?O""" kg-cals

Sample taken at: [/D)
Sampling time: C Mins,
s"'a‘ wg

503 vy
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PARTICLE DATA LABORATORIES, ITD.

APPENDIX J: MOLECULAR WEIGHT AND PITOT CORRECTION FACTOR
CALCULATIONS



PARTICLE DATA LABORATORIES, LTD.

Boiler #3 3/29/77

Run #1 Run #2
CO2 % 10.4 _ 9.9
Nz% 80.0 80.7
H,0% 11.6 “o14.7
Md _ 30.02 29.96
Ms 28.62 28.20
Pitot factor .83 .83
v = foPTS - 2.45 - 2.47

‘fﬁ\



Failin

PARTICLE DATA LABORATORIES, LTD.

Boiler #2 3/30/77

Run #1 Run #2 Run #3
CO, % 9.1 | 9.5 8.1
0,% 9.9 9.5 11.0
N, % 81.0 ’ 1.0 80.9
H,0% _ 14.5 _ 4.1 14.2
My 29.85 29.90 29.74
M 28.13 28.22 28.07
Pitot factor .83 .83 .83
V = x/APT, 2.46 | 2.45 2.46



- PARTICLE DATA LAB@R!@T&REES, LTD,

APPENDIX K: CALCULATION OF F FACTOR



PARTICEE DATA LABORATORIES, 17D,

Calculations for "PFP" Factor

_ [10%(3.6420+1.53%C+0. 572540, 142N-0. 46%0)
Fo= GCV

GCV = BTU/lb. coal

B 20.9
E o= CF [2‘0‘“@“:‘“0—] ;
2
C = particle concentration in stack gas, lbs/scf db
E = particulate emission rate, 1bs/106'BTU
6 20 :
P (d scf/10° BTU) E (1bs/10° BTU)
Boiler 2 test 1 11139 .135

(w- - - test 2 11074 .231

test 3 11139 ' .206



CPARTICLE DATA LABGRATORIES, LTD.

Calculations for "FY Factor

_ [10%(3. 645141, 538C+0. 579540 14%N-0.46%0)
Fo= GCV

GCV = BTU/lbf coal

_ . 20.9 .
E = CF (20.9-%o ] .
2
C = particle concentration in stack gas, lbs/scf db
E = particulate emission rate, lbs/106 BTU
- 6
_F (d scf£/10° BTU) E (ibs/10° BTU)
Boiler 3 test 1 10898 <279
(% test 2 10728 - .202

test 3

P



 PARTICLE DATA LABORATORIES, LD,

( .

APPENDIX :L: SCRUBBER CARRY-OVER DATA AND CALCULATIONS



PARTICLE DATA LABORATORIES, -HB.

Sodium Analysis of Collected Samples

) Probe wash filter total
Date Boiler § Run # mg Na net mg Na net  sodium mg
3/29 3 1 3.2 10.2 13.4

3/30 pi , 1 . 0.20 5.2 5.4




PARTICLE DATA LABORATORIES, LTD.

Analysis of Scrubber Liguors

Total Sodium
Suspended dissolved content

Date Boiler # Run # solids ppm solids ppm - ppm
3/29 3 1 616 92448 18000
2 1356 108810 18000
3/30 2 1 1474 109676 19000
2 1192 110234 18000
3 1168 111526 18000




PARTICLE DATA mmﬁ&wms, LTD.

Calculation of Carry-over

Date/Run 4/Boiler #

3/29 Run #1 3/30 Run #1
Boiler #3 Boiler #2
Conc. Na in scrubber ppm 18000 19000
Na in sample mg 7 3.4 . 5.4
Vol. of ligquid carry-over
from Na content ml 0.744 0.284
Total solids conc. in
scrubber ppm - 93064 111150
Mass solid in sample o 7
from carry-over mg . 69.24 31.57
Total sample collected mg 365.1 193.2
Carry-over solids as
% of total collected 1%.0 ' 16.3
Non-carry-over solids
collecﬁed mg . 295.9 161.6
Corrected emission rates _
lbs/hr _ 22,53 - 9.13
lbs/MBTU from : .
: F factor 226 C.113
lbs/MBTU from , )
heat input data -165 -034

Flesh N, © x 76 %, R ach. @todwsfuroe
!
|7<{K'7& = 56 %oﬁ ag[,r\é‘ M&‘Q Loy,



PARTICLE DATA LABORATORIES, LTD.

APPENDIX M: . HEAT INPUT DATA FROM THERMAL ANALYSIS



SUMMARY SHEET

ASME TEST FORM

FOR ABBREVIATED EFFICIENCY TEST

PTC 4.1.0(1964)

16

~ TESTNO. 2. BOILERND. 2. DATE
Ov.NrH or PLANT CATER Pl LT . LOCATION
TEsT CONDULTED BY ﬂqn,, é?,nrn. Lngs Lyrp. OBJECTIVE OF TEST DURATION
_HOILER MAKE & TYPE RATED CAPACITY P&' oro _/d
STOKER TYPE & S1ZF
PULVERIZER, TYPE & SIZE : BURNER, TYPE & SIZE
FLEL USED MIIE COUNTY STATE SIZE AS FIRED
PRESSURES & TEMPERATURES FUEL DATA
1 1 STEAM PRESSURE IN BOILER DRUM psia :}/é_fz pc;zooAxL ifxﬂsri?s %o wt oIL /
2 | wre AM PRESSURE AT S. H. OUTLET pia - 37 | moIsTURE B3 151 \Asn POINT £+ }
3| TEAM PRESSURE AT R. H.INLET psia - 18 | vOL MATTER 52
.4 | STEAM PRESSURE AT R.H. QUTLET psia - 19 | FIED CARBON - 53
L5 ] STEAM TEMPERATURE AT S, H. OUTLEY F - 40 | AsH 9.7 | aa
K] STEAM TEMPERATURE AT R K INLET F - TOTAL 41 Bty perit \
7 | STEAM TEMPERATURE AT R.H. OUTLET - 41 | Bty per b AS FIRED 2 &// 5
ASH SOFT TEMP.* | \
B | WATER TEMP, ENTERING (ECON ) (GREERR) F 2EC | 42| ASTMMETHOD GAS % VO
COAL OR QFE AS Fmsufgm_ SHT /
"3 | STPAMOUALITY " MOISTURE OR P, £_M. - ULTIMATE ANALYSIS ) i Rels)
10 | AIR TEMP. AROUND BOILER (AMBIENT) £ #Hoo 41 | CARBON g 55 b&«., METHANE /
TEMP AIR FOR COMBUSTION H ;
13
L] (This is Reforence Jemperoture} 1 F ’70 44 | HYDROGEN . %/r .58 Cs ACETYLEN
12 | TEMPERATURE OF FUEL F _ 45 | OXYGEN (67 | 57 fciH. RIHYLENE
13 _GASﬁTEMP.LEAV!NG {Betier} (Econ.) (Amdwr) | F Y75 | 46 | NITROGEN r5) | 58 [CaHs ETNEKE
15 | GAS TEMP, ENTERING AH {if conditicns o b
correctnd 10 quargntee) {if canditions 1o be F - 47 | SULPHUR /-"7’? 52 FH: S /\
" UNIT QUAMTITIES 40 | ASH 7.7 |60 |co
S ) ENTHALPY OF SAT. LIOWID {FOTAL HEAT)  l8with | — 37 } MoISTURE /ot 3 |61 (B _HYOROGER
16 | ENTHALPY OF (SATURAYED) (SHPERSERTFED) 3 - '
e b o 5TM, Brsts /956 TOTAL TOTAL _
ENTHALPY OF SAT. FEED TO (gea-&m - /7\ TOTAL HYBROGEN /
17 LECON.) Btu/lb |22 P ¢ \%L PULVERIZATION w o
48 | GRINBQBILITY 62 DW
18 | ENTHALPY OF REHEATED STEAM R.H. INLETIBrwsib | INDEX* 1MW PRESS.
g | ENTHALPY OF REHEATED STEAM R. H. ___ 43 Fi@% o FHRY o~
_ QUTLET Btk S0 M 63 | B PER CU FT .
20 | HEAT ABS. LB OF STEAM {{TEM 16 _1TEM 17) Bro-lb 747 i 50 LFINENESS % THRU \ 41 |61, PER LB . \
. 200 M+ : -
L — - 1. 7
21 HEAT ABS, LB R.H, STEAMUITEM 19 1 TEM 18){Brutb | __ &4 '::;f;;gh’é?”gp U ”15;‘&4312; mo/f/ﬂ Aonii,
27 | DRY REFUSE (ASH PIT » FLY ASH} PER LB Bra/lb % of Ar F
.. L _ASFIRED FUEL way | -/23 HEAT L.0O5S EFFICIENCY _ _ la _F__gl_.t_E_L | FUEL
23 | Br PER LB IN REFUSE (WEIGHTED AVERAGE) [Brarib Zy2g |65 [ HEAT LOSS DUE TO DRY GAS A 20.9 | Jb.ey
24 | CARBON BURNED PER LB AS FIRED FUEL t5/4b e 237 66 | HEAT LOSS DUE TO MOISTURE IN FUEL | / gg R
25 | DRY GAS PER LB AS FIRED FUEL BURNED Ibsit | 2.7 | 67 | HEAT LOSS DUE TO K,0 FROM COMB OF H, j[;,g Yy
T T THOURLY QUANTITIES 48 | TEAT L0SS DUE 70 COMBUST. IN REFUSEY Jres7 | 2.9
26 ] ACTUAL WATER EVAPORATED Ibrhe 72 oo | 69 { HEAT LOSS DUE TO RADIATION 775 .7
27 | REHEAT STEAM FLOW 1b /hr . 70 | UNMEASURED LOSSES ¥ /5¢.3 Y
28 | RATE OF FUEL FIRING (AS FIRED wr} Thrhr — 7 TOTAL R2I5F
29 | TOTAL HEAT INPUT (ltem 28 X ltem 41) kB 72 | EFFIFMIENCY = {100 = ltem 71) ¢
N 1600 /he Calee, o 7:?- /2—
30 | MEAT QUTPUT IN BLOW.DDOWN WATER KB § — '
il SNl . .
1 II(E)I¢L f"!'_f.‘q\l?ﬁ:'_i_!ET_Q_DH)_f_f‘l_!_qln 27=trem 21 ¢ ttem 30 SLB /R, . )yf.qr /NFVT- /é}&a@’" OC/TPUT Td £FF.
|~ jourrut 1000 70.//5 :
FLUE GAS ANAL, (BOILER} (ECON) {AIR HTR) OUTLET T PSS 9242 : 95 P2 X/ﬁt
- =
"7} Co, . nvoL{ 9./
a8 % VOL | 5 0 K fore: Samr lagor Fen Ao TESTS
L34 L co._. TeVOL | T * Nat Required for Efficiency Testing !
BN, (BY DIFFERENCE) LvoL | P o0
36 | excrss AR < 153773 1 Far Point of Meosurement Sae Por. 7.2.8.1.PTC 4.1.1964

Ponr ocr @ F1Y Ers < Jos e Fas 33‘.5’/

I,

——



ASME TEST FORM

PTC 4.1-b (1964)

CALCULATION SHEET FOR ABBREVIATED EFFICIENCY TEST Revised September, 1965
OWNER OF PLANT L ays nrir ene TEST NO, 2/ BOILERNO. 2. DATE
' ITEM15  ITEM17] kB/hr
30 | HEAT OUTPUT IN BOILER BLOW-DOWN WATER =18 OF WATER BLOW.DOWN PERHR X |_seoTe .= T . -0 % ees
1000
If impractical to weigh refuse, this
item con be esfimated os follows :
% ASH IN AS F '
DRY REFUSE PER LB OF AS FIRED FUEL = > FIRED COAL NOTE: IF FLUE DUST & ASH
24 100 ~ % COMB. IN REFUSE SAMPLE PIT REFUSE DIFFER MATERIALLY
IN COMBUSTIBLE CONTENT, THEY
ITEM 43 1ITEM 22 ITEM 23 SHOULD BE ESTIMATED
CARBON BURNED £5, 8% AE2. x 2AS52E . LARE SEPARATELY, SEE SECTION 7,
PER LB AS FIRED = —"2 — = SREES COMPUTATIONS
100 - 14,500 -
FUEL
- ¥i .
<
DRY GAS PER LB 11C0; + 8Q; + 7(N, + CO) )
AS FIRED FUEL = X (LB CARBON BURNED PER LB AS FIRED FUEL + >_§)
BURNED 3{CO; + CO) B
25 ITEM32 ~ ITEM33 ITEM 35 ITEM 34) ITEM 24 ITEM 47
Y i & AT L TR POV A v A (AR ¥
ITEM 32 ITEM 34 290 267 o
3 x{\. Tl v 7Ll :
co
EXCESS 0 - - ITEM 33 ~ JIEM 34 o
3 | ARt = 100 x —— = 100 X 2 - 43.73.
) J2682N; — {0, - €0 ) : ITEM 34
- .2682 (ITEM 35) - (ITEM 33 = 157 %)
: 2
Btu/lb Loss
HEAT LOSS EFFICIENCY AS FIRED|  "HHY Loss
’ FUEL 100 = k1
HEAT LOSS DUE LB DRY GAS ITEM 25 PTEM 13} — ! .
65 | TOORY GAS = PERLBAS XC_X{ffvg  tair) = x0.24 (TEM IS -(TEMTY % x100=
FIRED FUEL uas 12480 5T o8 ... VEZel | = /607,
&6 | HEAT LOSS DUE TO _LBH,0 PERLS Ps}
MOISTURE IN FUEL = AS FIRED FUEL X L(ENTHALPY OF VAIPOR ’;T 1PSIA LT GAS LVG) 8 » 100 - ’
— (ENTHALPY OF LIQuiDAT T AR = LTER 37 » [(eNTHALPY OF vAPOR o e
FL 7. & 14 Co
AT 1PSIAE T ITEM 13) = (ENTHALPY OF LIGUID AT TITEM11}) T ax-- et 1728 /’?‘2'
67 | HEAT LOSS DUE TO H,0 FROM COMB. OF H; = 9H, x [(ENTHALPY OF VAPOR AT 1 PSIA & T GAS i
LVG) - (ENTHALPY OF LIQUID AT T AIR 67 )
ITEM 44 127¢.¢ - 25 1 2 xw0= |
= ¢ x ITEM 44 o NENTHALPY OF VAPOR AT 1 PSIA & TITEM 13)  (ENTHALPY OF LIQUID AT oLl 4 oy !
100 TITEM¥If=cvecnnennnn . i eI
E
68 | HEAT LOSS DUE TO ITEM 22 1TEM 23 SAME FoT 88 100 = i
oM = = - - - ]
COMBUSTIBLE IN REFUSE J23.0F 2060 W8T T e gests 3.2, 475 ]
69 .|. HEAT LOSS DUE TO TOTAL BTU RADIATION LOSS PERHR  Zfom AL MA FAO 89
. _ . — X100 =
RADIATION® LB AS FIRED FUEL — ITEM 28 LoSs CHAMLTT ?3/9 41 . i
70 | UNMEASURED LOSSES ** ~a . JSE3 ] M0 x0=| AYO.
Msgmaccy L5% SAame Fer AL TESFS ‘ 4
)
71| TOTAL '2’0733 ...... -2’{"9
M £
12| EFFICIENCY = (100 - ITEM 71} TN EEURRUR 7% &=
L.

t For tigorous determination of excess gir sew Appendix $.2 — PTC 4.1-1944
* {f losses ore not measured, use ABMA Srendord Rodiction Loss Chort, Fig. 8, PTC 4.1-1964

** Unmeasured losses listed in PTC 4.1 bet not tabulated above may by provided for by oasigning a mutuelly
ograed upon velua for ltem 70,

17
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PARTICEE DATA LABORATORIES, LTD.

APPENDIX N: SAMPLE ASH CCHMNTENT DATA



PARTICLE DATA LABORMGEHES, LTD.

Combustible Content of

Samples

Bottom ash Method 5
loss on ignition collected sample %
Boiler # % /s probe wash - filter
3 26.45 27.8 7.2
2 2.00 44,2 - 12.¢0
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PARTICLE DATA LABORATORIES, LTD.

APPENDIX 0: NOMENCLATURE



PARTICLE DATA LABORATORIES, LTD. Nomenclature - Page 1

A

An

Bym

Bwo

Cross sectional area of stack, ft.2

Cross-sectional area of nozzle, sqg.ft.

Approximate volumetric proportion of water vapor in the
gas stream leaving the impingers, 0.025

Proportion by volume of water vapor in the gas system,
dimensionless -

Concentration of NOy as NO, (dry basis), 1b/s.c.f.
Percent carbon monoxide by volume, dry basis

2
Pitot tube coefficient dimensionless

Pitot tube coefficient of standard type pitot tube
{if unknown, use 0.99)

Pitot tube coefficient of type S pitot tube

Concentration of particulate matter in stack gas,
1b./s.c.f., dry basis

Concentration of sulfur dioxide at standard conditions,
dry basis, 1lb./cu.ft.

Percent excess air

Average pressure drop across the orifice, inches H,0
Density of water, lg./ml.

Percent of isokinetic sampling

Mass of NO, in gas sample, mg.

Dry molecular weight, 1b./lb-mole

Molecular weight of water, 18 1b./lb-mole

Total amount of particulate matter collected, mg.
Molecular weight of stack gas (wet basis) lb./lb-mole
Normality of barium perchlorate titrant, g.-eg{l
Percent nitrogen by volume, dry basis

Percent oxygen by volume, dry basis

Average velocity head of stackrgas, inches H,0
Barometric pressure at therorifice meter, inches Hg.

Final absolute pressure of flask, inches Hg.



Vm std.

(v,)

s’ avg.

Nomenclature - Page 2

Density of water, lg./ml.

Initial absolute pressure of flask,
Barometric pressure at the dry gas meter,
2bsolute stack gas pressure,

Absolute pressure at standard conditions,

inches Hg.
inches Hg.
inches Hg.

29.922 in.Hg.

Velocity head measured by standard type pitot tube

Velocity head measured by type S pitot tube

Volumetric flow rate, dry basis, standard conditions,cu.ft./hr.

¥

Ideal gas constant, 21.83 inches Hg-cu.ft./lb. mole-°R

Final absoclute temperature of flask, °R

Initial absolute temperature of flask, °R

Average dry gas meter temperature,

°r

Average absolute stack gas temperature, °r

Absolute temperature at standard conditions,

530°R

Volume of sample aliquot titrated, ml.

Final volume of impinger contents,

ml.

Initial volume of impinger contents, ml.

Total volume of liguid collected in impingers & silica

gel.ml.

Dry gas volume measured by meter, cu.ft.

Volume of

"Dry gas volume through meter (standard conditions),cu.ft.

gas sample through the dry gas meter

(standard conditions) wcu.ft.
Stack gas velocity, ft. per second {f.p.s.)
Stack gas velocity, feet per second (f.p.s.)

Sample wolume at standard conditions (dry basis) ml.

Total solution volume of sulfur dioxide,

Volume
Volume
Volume

Volume

50 ml.
of barium perchlofate titrant used for the sample, ml.
of barium perchlorate titrant used for the blank, ml.

of water vapor collected (standard conditions) cu.ft.

of water in the gas sample (standard conditions) cu.ft.

)

Y



